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The feas ib i l i t y  of using scale patterns and l inear  discriminant functions t o  
estimate the contributions of sockeye salmon (Oncorhynchus nerka) Stocks t O  
the salmon f isheries  adjacent to Kodiak and Afognak Islands was examined using 
data collected in 1981. Scale samples from the Afognak, Karl u k ,  Red, Fraser, 
and Upper Station systems were used to  construct c lassif icat ion models for  the 
1.3 and 2.2 age classes. Samples from Cook Inlet  and Chignik were included in 
the models for  the 1.3 age class because previous tagging studies had determined 
that  these stocks were present in the study area, also.  The mean classif icat ion 
accuracy of the seven-stock age 1.3 model was 66.1% and the four-stock age 2 . 2  
model 67.3%. The Afognak stock was very d i s t inc t  from the other stocks and i t s  
c lassif icat ion accuracy exceeded 80% in a1 1 models. Eight samples of unknown 
stock composition from fishing d i s t r i c t s  in the Kodiak Management Area were 
cl assi fied with the age-specific models. Comparison of stock composition e s t i -  
mates and tagging data collected in 1981 indicated several unweired systems could 
have contributed significantly to  the catches in certain f isheries .  Although the 
resul ts  of th i s  study were encouraging, further analyses are needed. Future 
scale pattern analyses in the Kodiak area need to do the following: (1)  col lect  
scale samples from the unweired systems so the i r  contributions to  the f i sher ies  
can be estimated, ( 2 )  sample the escapements t o  the weired systems more inten- 
sively to  provide samples which can be used t o  examine the runs for  temporal 
changes in age composition and scale patterns, and (3) col lect  larger scale sam- 
ples from the commercial catch to  ensure more precise age composition and stock 
composition estimates. 

K E Y  WORDS: Sockeye salmon, Oncorhynchus nerka, stock separation, scale pattern 
analysis, Kodiak Island. 



INTRODUCTION 

Effective management of mixed stock salmon f isheries  requires knowledge of the 
temporal and spatial  dis t r ibut ion of the contributing stocks. Commercial sal-  
mon f isheries  in the waters surrounding the Kodiak Archipelago are regulated 
to  minimize the interception of sockeye salmon (Oncorhynchus nerka)  stocks 
bound for  areas outside the immediate fishing areas, b u t  i t  i s  recognized that 
nearly a l l  the f isheries  harvest mixed stocks t o  some degree. Tagging studies 
in the Kodiak area have provided information on migration routes and timing of 
different  sockeye salmon stocks through these f isheries  (Bevan 1959; Nicholson 
1978; Tyler e t  a l .  1984). In some cases, the tagging data have provided e s t i -  
mates on the contribution of selected stocks t o  specific f isheries .  Contribution 
rates vary with fishing patterns and r u n  strengths, however, and precise manage- 
ment requires annual estimates of these rates.  The high cost of mark-recapture 
experiments precludes the i r  use on an annual basis and a lower cost method, which 
can be applied annually, i s  desired. An a1 ternative method of estimating the 
stock contribution to mixed stock f isheries  i s  scale pattern analysis. The fea- 
s ibi  l i  ty  of using th i s  technique to  estimate the contribution of the major sockeye 
salmon stocks to the f isheries  in the Kodiak area i s  examined in th i s  report. 

Description of the Stocks 

The Kodiak Management Area i s  composed of the water surrounding Kodiak and Afognak 
Islands, including the waters off the Alaska Peninsula extending from Cape Imuya 
t o  Cape Douglas (Figure 1 ) .  More than th i r ty  different  watersheds in the area 
support spawning populations of sockeye salmon (Manthey e t  a1 . 1982). There are 
f ive major sockeye salmon systems in the Kodiak area: the Karluk, Red, Upper 
Station, and Fraser systems on Kodiak Island; and the Afognak system on Afognak 
Island (Figure 1 ) .  Some of the more important secondary sockeye salmon systems 
are East Ugani k ,  L i t t l e  River, Horse Marine, Ocean Beach, and Sal tery Creek on 
Kodiak Island; Pauls Lake on Afognak Island; and Kaflia on the Alaska Peninsula. 
The f ive  major systems accounted for more than 68% of the total  sockeye salmon 
return (catch plus escapement) to  the Kodiak management area in 1981 (Table 1 ) .  

For the years 1977-1981, the total  annual return of sockeye salmon to the Kodiak 
area averaged 2.2 mi 11 ion. Historical ly ,  i t  appears the Kodiak systems supported 
much larger runs of sockeye salmon. Catch records provide the best indication of 
the s ize  of the early runs. Although the early catch records included some salmon 
from systems outside the Kodiak area and total  numbers of f i sh  were estimated from 
the total  case pack, they probably r e f l ec t  the magnitude of the Kodiak sockeye 
salmon population. Annual catches exceeding two million f i sh  were common prior 
to 1910, since then the runs have declined to current levels and, a1 though some 
stocks have been increasing in  abundance recently, present levels are  well below 
historical runs (Figure 2).  

The Karluk system was once one of the most productive sockeye salmon systems in 
Alaska (Burgner e t  a l .  1969) and catches from the Karluk system in the early 
1900's usually exceeded 1 million f i sh .  The Karluk catch has not approached tha t  
level since 1938 and the total  return to the system averaged only 0.53 million 
for the years 1977-1981. The run of sockeye salmon to the Upper Station system 
has been depressed, also,  averaging only 0.32 million during the same period. 
The abundance of the Red River run i s  below historical levels,  although i t  has 



Figure 1. The mdiak Mamgement Area shcwing the major commercial f i b i n g  
statistical areas. 



e 1 Escapements and catches of s o c k  e sdlmon by systen 
for  the Kodiak Managanent Area, y981 

Island Systens: 

Af-k 
Karl uk 
Red 
Fraser 
U p r  Stat ion 

h j o r  Systens Subtotal 

Eauls Lake 
East Uganik 
L i t t l e  River 
Horse k r i m  
Ocean Beach 
Saltery Creek 
Other Minor Systans 

M m r  Systems Subtotal 

Eninsula  Systens: 

M-1 ia 51,000 
Other systems 6,600 

Eninsula  Systems Subtotal 57,600 

'Ibtal A l l  Systems 1,391,593 1,288,980 

Source: Manthey e t  al. 1982. 

' All major systen escapents are weir a u n t s .  

Estimated contrifxltions based on h i s to r i ca l  tagging data. 

A l l  minor sy&m escaprnents estimated ly p a k  a e r i a l  
surveys. 

The majority of the  catch taken a t  C a p  Igvak where 
approximately 80% of the  catch is al located t o  Cbignik. 



FIVE YERR PERIOD 

Figure 2. Porerage cmnnercial catch of sockeye salmon in the Wdiak area by five year 
periods, 1895-1980. 



been increasing in abundance recently (average re turn  of 0.52 mill ion f o r  the 
years 1977-1981 ).  The r u n  to  the  Afognak system has increased recent ly ,  a lso .  
The Fraser Lake sockeye salmon r u n  has grown tremendously in  recent  years.  
This stock was a r t i f i c i a l l y  introduced in the 1950's by means of egg, f r y ,  and 
adu l t  t ransplants  and a f i s h  ladder constructed t o  allow access t o  the lake. 
The Fraser Lake r u n  in 1981 was 0.51 mill ion f i sh  (1977-1981 average re turn  
of 0.29 mi l l ion) .  

Description of the Fishery 

Salmon in the Kodiak management area a r e  harvested by purse se ine ,  beach se ine ,  
and s e t  g i l l n e t .  In 1981, par t ic ipat ion i n  the f i shery  by percentage of t o t a l  
gear f ished was 62.0%, 32.3%, and 5.7% f o r  purse se ine ,  s e t  g i l l n e t ,  and beach 
seine,  respectively.  The areas f ished by the two major gear types a r e  shown in 
Figure 3. The majori ty of the  sockeye salmon catch i s  taken along the west 
coast of Kodiak Island from Uganik Bay to  Alitak Bay. In 1981, more than 80% 
of the sockeye salmon catch in  the  d i s t r i c t s  around Kodiak and Afognak Islands 
was from the west coast  of Kodiak Island. The sockeye salmon catch by major 
s t a t i s t i c a l  area i s  summarized in Table 2. Approximately 50% of the sockeye 
salmon catch occurred in June with the remaining f i s h  caught in July (30%) and 
August (1 9%).  

Many sockeye salmon tagging s tud ies  have been conducted i n  the waters adjacent  
t o  Kodiak and Afognak Islands. The most comprehensive s tud ies  were by Rich and 
Morton (1929), Bevan (1959), and Tyler e t  a l .  (1984). Nicholson (1978) summar- 
ized a s e r i e s  of generally small,  but geographically comprehensive tagging 
experiments conducted by the Alaska Department of Fish and Game (ADF&G) from 
1961 t o  1978. These s tudies  determined t h a t  the majority of the salmon passing 
through Kodiak waters were bound f o r  systems in  one of the  is lands .  Minor con- 
t r i  butions of stocks from areas outside the Kodiak management a rea ,  pr incipal ly  
from Cook I n l e t  and Chignik, were found f o r  some area and time s t r a t a .  The re la -  
t i v e  contribution of these non-local stocks varied according t o  run s t rengths  in 
the year of tagging. The tagging data indicate  t h a t  most of the adul t  sockeye 
salmon bound f o r  the major systems on Kodiak Island migrate in a southwesterly 
d i rect ion along the  west coast  of the island.  Stocks from the south coast of the 
island (Upper Sta t ion and Fraser)  a r e  most vulnerable t o  in tercept ion f i s h e r i e s  
as  they must migrate pas t  a l l  the f i she r i e s  from Uganik Bay t o  Alitak Bay before 
reaching Olga Bay. 

Scale Pattern Analysis 

Scale pat tern  analys is  has become a common procedure f o r  estimating the  con t r i -  
bution of d i f f e r en t  stocks of Paci f ic  salmon to  mixed stock salmon f i she r i e s .  
The ADF&G annually a l l oca t e s  the  sockeye salmon catches in Cook I n l e t  (Cross e t  
a l .  1981 ; 1982; 1983), Chigni k (Conrad 1982; 1984a; 1984b), and Lynn Canal 
(Marshall e t  a l .  1982; McPherson e t  a l .  1983) t o  the major stocks contri'buting 
to  these f i she r i e s  by analys is  of  sca le  pat terns .  Stock composition est imates 
f o r  these f i she r i e s  a re  combined with age composition data t o  a1 locate  the catch 
by stock and age c lass .  These estimates a r e  combined w i t h  escapement r u n  s i z e  
and age composition data t o  est imate the t o t a l  numbers and age composition of 
each stock. 



Figure 3.  Areas o p n  and closed t o  ~mmercial salmon f ishing 
by gear type i n  the Krrdiak Mamgement Area, 1981. 



mhle 2. Qtch of sockeye salmon ty major statistiad area 
for the mdiak Mamgement Area, 1981. 

Statistiad Area Catch % Island s re as' 

Kodiak-Afcqnak Area 
Subtotal 

' ~ r cen t a -  of total otch taken f ran areas oorhiguous 
to KDdiak and Afognak Islands. 



Scale pattern analysis re1 ies  on differences in growth his tor ies  among f ish 
from different  stocks being reflected in the patterns of c ircul i  on the i r  
scales. The degree of differences between the scale patterns of the stocks 
and how we1 1 the features measured on each scale re f lec t  these differences 
determine the accuracy of the s t a t i s t i ca l  models which identify the stocks. 
Escapement scale samples are used to construct representative samples (standards) 
of each stock in the analysis. The circul i  patterns on each s e t  of escapement 
scales are measured and compared using a discriminant analysis technique (e .g . ,  
l inear  discriminant analysis or nearest neighbor analysis) to calculate a s e t  
of decision rules which can be used to assign a scale to a stock of origin.  
The rules are evaluated by estimating the i r  accuracy in classifying scales of 
known origin t o  the correct stock. Scales from samples of mixed stock composi- 
tion can then be classif ied to estimate the proportion of each stock present. 

The feasi bil i t y  of using scale pattern analysis to a1 locate commercial catches 
from the Kodiak area t o  the major contributing stocks i s  examined in th i s  report. 
in 1981, scale samples were collected in conjunction with a sockeye salmon 
tagging program conducted joint ly  by ADF&G and the Fisheries Research Ins t i tu te ,  
University of Washington. These samples and scale samples collected a t  each of 
the weir s i t e s  on Kodiak and Afognak Islands were used in the analysis. The 
scale pattern analysis method of allocating the Kodiak stocks was evaluated by 
comparing the accuracy of the models to those used in other Alaskan systems and 
comparing the resul ts  t o  those of the tagging study. 

METHODS 

Escapements: Numbers and Age Composition 

Weirs on the five major sockeye salmon systems in the Kodiak Management Area 
provided daily escapement counts to each system. The weirs began operation in 
l a t e  May and counted the escapements until early August on the Red, Fraser, and 
Afognak systems and early September on the Upper Station and Karluk systems. 
Scale samples from the escapements to  these systems, collected periodically in 
conjunction with weir operation, were used to  examine the age composition of the 
escapements and to construct the standards fo r  the discriminant analysis models. 
Because most of the sample sizes were small, samples collected during specific 
time periods were pooled to a t t a in  numbers suff ic ient  to  examine the runs for  
temporal trends in age composition. Fifteen-day periods were a rb i t r a r i ly  estab- 
lished beginning on 1 June and scale samples col lected during each subsequent 
15-day period were combined. While pooling allowed a gross examination of the 
runs for  changes in age composition, the sample s izes  for  a l l  systems b u t  the 
Fraser are not large enough to warrant a1 locating the escapements by age class.  

Standards for Discriminant Analysis Models 

Discriminant analysis models were constructed fo r  each of the major age classes 
in the Kodiak sockeye salmon runs. Measurements from 200 scales were desired 
for  each standard for an age class and stock. In many cases less  than 200 scales 
for  an age class were available and a l l  scales for  that age class were measured. 
For those stocks having more than 200 scales available for  an age class ,  scales 



for the standards were selected from the escapement samples approximately in 
proportion to  their  re lat ive abundance in the run during the period the samples 
were collected. There a re  two periods of peak daily abundance in the sockeye 
salmon escapements to  certain Kodiak systems (part icular ly to  the Karl u k  and 
Upper Station) and samples from both segments of these runs were included in 
the standards i f  available. 

The Cook Inlet  and Chignik standards were constructed different ly as they do 
n o t  represent discrete stocks b u t  represent the major stocks from an ent i re  
region. The Cook In le t  standard consisted of escapement samples from the Kenai, 
Susitna, Kasilof, Crescent, and Fish Creek systems. The Chignik standard con- 
sisted of samples from the Black Lake and Chignik Lake stocks. These regional 
standards were constructed according to the relat ive contribution of an age class 
for  a stock to the total  return of tha t  age class to a l l  the major stocks in the 
region. Estimates of the age-specific stock contributions for  the Cook In le t  
region were from Cross e t  a l .  (1983) and for  Chignik from Conrad (1982). 

Scale Measurement 

Impressions of the scales were projected a t  1 OOX magnification using equipment 
similar to that  described by Bil ton (1970) and l a t e r  modified by Ryan and 
Christie (1 976). Scale features were measured using a microcomputer-control led 
digit izing system. This system projects the scale image on an electronic digi-  
t iz ing surface and the coordinates of the scale feature being measured are  
entered with a hand-operated f ree  cursor. The coordinates are  processed by the 
microcomputer and the distance between consecutive ci rcul i calculated to the 
nearest 0.001 inch. Data describing the sample being measured (stock, age, s ize ,  
sex, e tc .  ) are  entered from a keyboard interfaced with the microcomputer. The 
information describing each sample, a key indicating which zone of the scale a 
measurement i s  from, and the l inear distance between consecutive circul i  are 
formatted and recorded on a f lexible  magnetic disk. 

All scale measurements were made along an axis approximately perpendicular to  
the anterior edge of the unsculptured f ie ld  of the scale and about 20' dorsal 
or ventral from the anterior-posterior axis (Clutter and Whitsel 1956; Narver 
1963). The distance between consecutive circul i  in the f i r s t  freshwater annular 
zone, the second freshwater annular zone ( i f  present), the freshwater plus growth 
zone, and the f i r s t  marine annular zone were measured and recorded by the micro- 
computer system. Prior to analysis, the detailed scale measurement data were 
reduced to a more concise format containing the total  number of c ircul i  and width 
of the zones described above and intra-zone distance measurements delineated by 
specific pairs of circul i within a zone for  a1 1 zones b u t  freshwater plus growth. 

Anal vti  cal Procedures 

Linear discriminant function (LDF) analysis (Fisher 1936) and the scale measure- 
ment data were used to calculate the decision rules for the classif icat ion model s .  
Scale characters examined for  each analysis included those measured direct ly  from 
each scale,  characters which were l inear  combinations of those characters, and 
characters which expressed inter-circul i  distances within a zone as a proportion 
of the total  width of the zone (Appendix Table 1 ).  For each classif icat ion model, 
a preliminary examination of the scale characters using group F-s ta t i s t ics  and 
correlation coefficients for  each pair of characters reduced the complete s e t  of 



variables to a more manageable subset of approximately 20. The scale characters 
selected had ei ther  a large F-s ta t i s t ic  or were negatively correlated with 
characters having F-stat is t ics .  A large F-s ta t i s t ic  resul ts  from large between 
group differences and indicates a variable which may be good for  discrimination. 
Variables selected using these c r i t e r i a  will provide a good subset for  construct- 
ing a 1 inear discriminant model (Cochran 1964). This subset was then submitted 
t o  a forward-stepping procedure to  selec the scale characters t o  be included in 
the final L D F  model. This procedure sequentially enters the variable with the 
largest par t ia l  F-s ta t i s t ic  into the model, t e s t s  f o r  removal of variables already 
in the model, recomputes new partial  F-s ta t i s t ics  a f t e r  entering or removing a 
variabl e ,  and repeats the process (Enslein e t  a1 . 1977). The procedure continues 
until a l l  variables have been entered into the model or the F-s ta t i s t ic  to  enter 
a variable into the model i s  less  than a predefined value. 

Using the scale characters selected by the stepwise procedure, a vector of means 
( i  i ,  i  = 1 . .  . g ,  g = number of stocks) for each stock in the classif icat ion model 
and the pooled variance-covariance matrix (Sp)  were calculated. The classif ica-  
tion rule was t o  assign a vector x of scale measurement data for  a single scale 
t o  the group for  which the quantity, 

was a maximum (Lachenbruch 1975). The major assumptions underlying 1 inear di s- 
criminant analysis are as follows: ( 1 )  the groups (stocks) being investigated 
are discrete and identifiable;  ( 2 )  the variables used to  determine group member- 
ship have a mu1  t i va r i a t e  normal distribution in each population; and ( 3 )  the 
variance-covariance matrices for  the populations are equal. 

The accuracy of each classif icat ion model in assigning observations to the correct 
group was estimated using a leaving-one-out procedure (Lachenbruch 1967). This 
procedure estimates the classif icat ion accuracy by removing one observation from 
the data used t o  compute the classif icat ion model, calculating new discriminant 
functions using a l l  remaining observations, and classifying the omitted observa- 
tion with these functions. This is  done for  a l l  observations in the standards 
and the resul ts  ta l l ied .  This provides nearly unbiased estimates of the classi-  
f ication accuracies of the models. 

Scale samples collected during the tagging program and coll ected from the commer- 
cial  f ishery provided samples of unknown stock composition to be classif ied by 
the discriminant models. In studies separating stocks of salmon by the i r  scale 
patterns the goal i s  not to  determine the origin of individual salmon b u t  to  
estimate the proportion of different  stocks present in an area of intermingling. 
The origin of each observation from a sample of unknown stock composition was 
determined using the appropriate LDF and the proportion of each stock present 
calculated. Worl und and Fredin (1962) noted a s e t  of 1 inear relationships which 
adjust the proportional estimtes from the mixed sample t o  account for  the classi-  
f ication errors of the assignment rule.  Cook and Lord (1978) formulated th i s  
approach in matrix notation. Using th i s  notation, l e t  the classif icat ion accur- 

pi i s  the a priori  probability for  group i ,  which for  the analyses in th i s  
report i s  equal t o  the reciprocal of the number of groups in the model. 



acies estimated by the leaving-one-out procedure be represented by the matrix C ,  
where the element Ci j i s  the proportion of the sample from stock j that i s  
classified as stock 1. Let be a vector with elements r , ,  r , ,  . .. , where r i  
i s  the proportion of the mixed sample classif ied as stock i .  Then 

where each element ui i s  the estimate of the proportion of stock i in the sample 
composed of a mixture of stocks corrected for c lassif icat ion errors .  This tech- 
nique was used for  th i s  report. The variances of the elements of were estimated 
with the formulae proposed by Pel la and Robertson ( 1  979) and a 90.0% confidence 
interval calculated for  each estimate. 

The elements of u can be greater than zero, zero, or less  than zero because of 
the classif icat ion matrix correction procedure. Proportional estimates less  than 
or  equal to zero for  a stock indicate tha t  the stock i s  not present or present in 
negligible numbers. Whenever a sample of unknown stock composition was classif ied 
and estimates for  some stocks were less  than or equal to  zero, the sample was 
reclassified with a model which did not include those stocks. 

RESULTS 

Daily Esca~ements and Aae Com~ositions 

The daily escapements of sockeye salmon to each of the major systems in the Kodiak 
area are  shown in Figure 4. For a l l  systems b u t  the Fraser, there were two dis- 
crete  periods of large daily escapements, the f i r s t  occurring in June and the 
second in July or August (although the presence of a second period in the Afognak 
system i s  questionable). The commercial f ishery affects  the daily escapement 
pattern b u t  i t  i s  not responsible for these d i s t inc t  periods of increased daily 
abundance. The seasonal distribution of the daily escapements to these systems 
suggested two segments in the runs with d is t inc t ly  different  timing. The ea r l i e s t  
arriving segment of the runs occurred in the f i r s t  15 days of June. Timing of the 
second segment of the runs varied between systems with the Red River system having 
the ea r l i e s t  timing, in mid-July, and the Karluk system the l a t e s t ,  in l a t e  August. 

In the Kodiak escapement samples, only the 1.3l and 2.2  age classes were present 
in numbers suff ic ient  t o  construct standards for c lassif icat ion models. The con- 
tribution of the 1.3 and 2 .2  age classes to the pooled escapement samples i s  shown 
in Figure 4 ,  also.  More than half of the escapement samples to  each system 
belonged to these two age classes (Appendix Tables 2-6). A1 though there were 
changes in the age composition during the season for  a l l  systems, sample sizes 
were not large enough to  determine whether the differences were s ignif icant .  For 
the Red River system, the two periods of large daily abundance had different  e s t i -  
mated age compositions. No such differences occurred in the Afognak and Upper 
Station systems. The second period of increased daily abundance was n o t  sampled 
for  the Karluk, unfortunately. 

European formula: Number o f  freshwater annuli, decimal point, number of marine 
annuli. The total  age i s  the sum of these two numbers plus one. 
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The linear discriminant c lassif icat ion models for the 1.3 age class included 
the Cook Inlet  and Chignik regional standards when appropriate. I n  1981, age 
1.3 sockeye salmon were the dominant age class in the stocks returning to these 
areas. Approximately 70% of the total Cook Inlet  return and 48% of the total  
Chignik return were allocated to  th i s  age class .  The age 2 . 2  c lassif icat ion 
models were constructed with standards from the Karlwk, Red, Upper Station, and 
Fraser systems. No age 2 . 2  f ish were found in the Afognak samples and the con- 
tribution of that  age class to the Cook Inlet  and Chignik regions was minor with 
allocations of 6% and 4% of the total  return,  respectively. 

Summarv S ta t i s t i c s  for  Scale Variables 

Summary s t a t i s t i c s  for  the basic measurements of scale growth for the 1.3 and 
2 . 2  age classes are presented in Tables 3 and 4.  The stepwise procedure con- 
s i s ten t ly  selected certain variables for  the ages 1.3 and 2 . 2  l inear  discriminant 
c lassif icat ion models. These variables had large between group differences and 
were usually some of the f i r s t  variables entered into the models. Frequency 
histograms comparing the distribution of some of these scale variables for  the 
stocks are  presented in Figure 5-10. For the 1.3 age class ,  the Afognak stock 
had the smallest zone of freshwater growth of a1 1 stocks (Figures 5-7). The 
freshwater zone of the Cook Inlet  and Chignik stocks was intermediate between 
the Afognak stock and the other Kodiak stocks. The Fraser system had the largest  
zone of freshwater growth. Differences among stocks for  the f i r s t  marine zone 
are n o t  as d is t inc t  and there i s  much overlap among stocks (Figure 8 ) .  For the 
four age 2 . 2  stocks, the Fraser and Upper Station stocks had the largest  fresh- 
water scale growth zone and the smallest f i r s t  marine zone (Figures 9 and 10).  

Classification Models 

Classification matrices for  the l inear  discriminant models calculated for the 
1.3 and 2 . 2  age classes were calculated. The mean classif icat ion accuracy of 
the age 1.3 model including a l l  Kodiak stocks, Cook In le t ,  and Chignik was 66.1% 
(Table 5 ) .  Mean classif icat ion accuracies of the other age 1.3 models ranged 
from 73.0% for  a six-stock model t o  91.7% fo r  a three-stock model. Afognak scale 
patterns were very d is t inc t  and the classif icast ion accuracy for  the Afognak 
stock i s  very high with a mean accuracy of 89.2% for  a l l  models which included 
i t .  The Cook Inlet  and Chigni k stocks were generally d i s t inc t  from the Kodiak 
stocks and most c lassif icat ion errors for  these two stocks were between them- 
selves. For a l l  models, the mean misc1assification error  ra te  between f ish of 
Cook Inlet  or Chignik origin and the Kodiak stocks was less  than 20%. The Kodiak 
stocks which were most d i f f i c u l t  to discriminate were the Red River and Upper 
Station systems. The Upper Station had the lowest mean classif icat ion accuracy 
for the models i t  was in ,  58.2%. 

The mean classif icat ion accuracy of the age 2 .2  model with the four Kodi,ak 
Island stocks was 67.3% (Table 6 ) .  Two three-stock models were required to 
classify age 2 . 2  f ishery samples, a Karluk-Red-Fraser model which had a mean 
classif icat ion accuracy of 75.2% and a Karluk-Upper Station-Fraser model which 
had a mean classif icat ion accuracy of 81.8%. Similar to the age 1.3 c l a s s i f i -  
cation models, the Red River and Upper Station systems were most d i f f i c u l t  to 
discriminate in the age 2 . 2  model with a l l  four Kodiak Island stocks. 



Table 3. Mean (i) and standard error  (SE) of basic scale  variables for  the 1.3 age class 
(scale width measurements i n  0.01's of inches at 100X). 

--- 
Scale Stock 
Variable Chignik Cook In. Mocjnak Karl uk Red Up. Station kaser 

- 
Nunber c i rcu l i  X 9.6 11.5 7.2 13.8 12.0 11.5 15.5 
f i r s t  EW zone SE (0.134) (0.212) (0.078) (0.338) (0.172) (0.359) (0.193) 

- 
Width f i r s t  JN X 107.9 133.6 92.9 179.1 138.9 147 .O 190.8 
zone SE (1.464) (2.477) (0.856) (4.221) (1.979) (3.979) (2.422) 

- 

I Nunber c i r cu l i  X 3.8 3.2 3.5 3.2 5.4 5.9 6.3 
-1 

UI FW plus growth SE (0.109) (0.123) (0.163) (0.238) (0.111) (0.290) (0.184) 
I - 

Width EW plus X 41.9 33.9 45.5 37.4 62.3 70.3 74.9 
growth zone SE (1.232) (1.389) (1.961) (2.722) (1.281) (3.549) (1.965) 

- 

Nunber c i rcu l i  X 24.8 24.4 24.1 24.6 22.2 19.6 20 .O 
f i r s t  marine zone SE (0.178) (0.197) (0.199) (0.352) (0.191) (0.367) (0.266) 

- 
W i d t h  f i r s t  X 399.7 407.5 382.8 430.1 361.1 324.2 337.4 
marine zone SE (2.792) (2.964) (3.477) (5.567) (4.057) (5.739) (4 -276) 

I EW = freshwater. 



mhle 4. Mean (x) and standard e r ro r  (SE) of basic  scale var iab les  f o r  
the 2.2 age c l a s s  (zore width measurenents i n  0 . O l l s  of inches 
a t  100X). 

Stock 
Karl uk Red U p  Sta t ion k a s e r  

Nunber circuli 
f i r s t  EW zore 

Width f i r s t  EW 
zore 

Nunber cirarli 
secsond FW zore 

W i d t h  second EW 
zore 

Nunber circuli 
FW @us growth 

Width EW plus 
g r w t h  zore 

Nunber circadi 
f i r s t  marire zore 

- 
W i & h  f i r k  X 417.3 391.6 383.8 355.5 
mire z o z  SE (4.094) (3.522) (3.072) (4.756) 

1 
FW = freshwater. 
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mhle 5 .  Classification matrices for the limar discrimhrnt models lsed 
t o  classify age 1.3 sockeye salmon. 

Variables i n m e :  66, 17, 71, 2, 88, 4, 70, 92, 65, 28, 201 

Actual Stock Sanple 
of Origin Size 

Qasaified Stock of Origin 

- 

Cook In. 
Chigdk 
Af-k 
FK aser 
Karluk 
Up. Station 
&!d 

Cmk In. up. Station 

0.020 
0.000 
0.026 
0 .I23 
0.000 
0.469 
0.091 

Red 

0.060 
0 .OM 
0.039 
0.075 
0.127 
0.163 
0.628 

mean p~oprt icn mrrec t ly  c l a s s i f i ed  = 0.661 

Variables i n  m o d e l :  66, 17, 2, 91, 74, 4, 65, 28, 70, 71, 61 

Actual St& Srmple 
of Origin Size  

Qasaif ied Stock of Origin 

m k  In. ChjgLik A i o ~ l a k  Raser Parluk Red 

Cook In. 200 0.610 0.175 0.045 0.040 0.060 0.070 
Chignik 200 0 .I50 0.700 0.0% 0.000 0.020 0.035 
AfoQlak 233 0.026 0.077 0.833 0.000 0.000 0.064 
Fr aser 106 0 .OOO 0.000 0.000 0.8l.l 0.066 0.123 
Karluk 63 0.063 0.016 0.032 0.079 0.698 0.111 
Red 16 4 0.079 0.030 0.018 0.037 0.091 0.744 

rn p r o p r t i o n  correctly c l a s s i f i ed  = 0.733 

Variables i n  m d :  17, 2, 88, 4, 74, 70, 92, 65, 28, 14, 109 

Actual Stock SanpLe 
of Origin Size  

Classified Stock of Origin 

&i@k Afcgak Raser Karluk Up. Station Red 

Chigdk 200 0 .a10 0.090 0.000 0.020 0.005 0.075 
AfOLWk 233 0.099 0.863 0.000 0.000 0.021 0.017 
Fraser 106 0 .OOO 0.000 0.783 0.047 0.094 0.075 
Karluk 63 0.048 0.032 0.048 0.698 0.048 0.127 
Up. Station 98 0.061 0.061 0.143 0.071 0.531 0 .I33 
k d  16 4 0.061 0.030 0.030 0.104 0.079 0.6% 

m e m  p r o p r t i c n  mrrec t ly  c l a s s i f i ed  = 0.730 

Refer t o  Appendix Tahle 1. 
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B h l e  5. Classification m a t r i e s  for  the linear d i s a i m h n t  m o d e l s  used 
t o  classify age 1.3 sockeye salmon (continued) . 

Variables i n  m o d e l :  17, 2, 91, 4, 74, 65, 70, 71, 28, 14 

ar ra l  Stock S a n p e  
of Origin Size 

Clasgified Stock of Origin 

olignik Afo~lak  Raaer  Karluk Red 

mean praporticn wrrec t ly  classif ied = 0.782 

Variables i n  model: 66, 17, 2,  88, 71, 70, 4, 92, 20, 65, 109 

Actual Stock Sanple 
of Origin Size 

Classified Stock of Origin 

olig-iik Af-k Raaer  Karluk Up. Station 

ol icgik 200 0.850 0.UO 0.000 0.025 0.015 
Af-k 233 0.094 0.880 0.000 0.004 0.021 
Fr a r  106 0 .OOO 0.000 0.821 0.047 0.132 
Xarl uk 63 0.063 0.048 0.032 0.825 0.032 
Up. Stat ion 9 8 0.092 0.061 0.153 0.092 0.602 

mean proporticn oorrectly classif ied = 0.7% 

Variables i n  m o d e l :  17, 71, 14, 7 ,  104, 2, 65, 28, 109 

Actual Stock Sanple 
of Origin Size 

Classified Stack of Origin 

Af-k Raaer Karluk Up. Station Red 

Afoglak 233 0.953 0.000 0.000 0.013 0.034 
Fr aser 106 0.000 0.745 0.047 0 .ll3 0.094 
Karluk 63 0.032 0.079 0.698 0.048 0 .la 
Up. Station 9 8 0.061 0 .U3 0.092 0.592 0.122 
Bed 16 4 0.030 0.024 0.110 0.091 0.744 

mean ~ a p o r t i o n  mrrec t ly  classif ied = 0.746 



Thhle 5. Qassif ication m a t r i e s  for the linear discriminant m o d e l s  med 
t o  classify age 1.3 sockeye salmon (continued) . 

Variahles in  model: 66, 16, 92, 70, 65, 73, 88, 4, 71, 109 

Actllal St& Sanple CL&f ied Stock of Origin 
of Origin S i z e  

ChiQlik A f c g a k  Up. Station Red 

ChiNk 200 0.825 0 .O% 0.005 0.075 
AfogLak 233 0.090 0.880 0.017 0.OU 
up. Station 98 0.061 0.OU 0.714 0.173 
Red 16 4 0.067 0.037 0.098 0.799 

mean pro~ortian arrectly classif ied = 0.804 

- --- 

Variables i n  model: 14, 65, 17, 7, 71, 2, 28, 109 

Actlal Stock Sanple Classified Stock of Origin 
of Origin S i z e  

Afoglak maser Rarluk Red 

Afo~lak 233 0.957 0.000 0.000 0.043 
Fraser 106 0.000 0.830 0.047 0.123 
Karl uk 63 0.048 0.111 0.698 0.143 
Red 16 4 0.037 0.043 0.110 0.811 

- - - - -- - - -- - 
mean poportian correctly classified = 0.824 

-- - - -- -- 

Variables inmodel: 14, 65, 17, 7, 7 1  

A c t a  Stock Sample Classified Stock of Origin 
of Origin S i z e  

Afo~ lak  Fraser Red 

Afoglak 233 0.974 0 .OOO 0.026 
Fraser 106 0 .OOO 0.887 0.113 
Red 16 4 0.043 0.067 0.890 

mean praportian correctly classif id = 0.917 



Table 6. Classification matrices for the linear discriminant 
m o d e l s  used t o  classify age 2.2 sockeye sdlrnon. 

Variables i n  m&l:  32, 61, 111, 27, 31, 67, 66, 46, 1, 44, 551 

Ac tua l  Stock Sample Classified Stock of Origin 
of Origin Size 

Fr aser Icarluk Up. Station R e d  

Raser 105 0 -762 0.019 0 .I52 0.067 
Karluk 109 0 -009 0 -743 0.055 0.193 
Up. Station 222 0 -117 0.041 0.658 0.185 
Red 17 6 0.034 0.119 0.318 0.528 

mean proportion mrrectly classified = 0.673 

Variables i n  m&l: 61, 44, 111, 27, 31, 67, 65, 29 

Actual  Stock Smple Qassified Stock of Origin 
of Origin Size 

Fraser Karluk R e d  

Raser 105 0.771 0.067 0.162 
Karluk 10 9 0 -018 0 -734 0.248 
Red 17 6 0 -102 0.148 0 -750 

mean proportion mrreet;Ly Classified = 0.752 

Variables i n  model: 32, 111, 61, 57, 27, 66, 2, 46, 55 

~ctual  Stock Sample Classified Stock of Origin 
of Origin Size 

Fr aser Ehrluk Up. Station 

Raser 105 0.800 0.048 0 .I52 
Karluk 109 0.037 0.844 0 -119 
Up. Station 222 0.117 0.072 0.811 

mean proportion mrrectly Classified = 0 -818 

'Refer t o  Appendix Table 1. 
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Classification of Fishery, Samples 

Eight scale samples of u n k n o w n  stock composition collected from the comercial 
fishing d i s t r i c t s  of the Kodiak Management Area were analysed. Some scale 
samples collected within a few days of each other in the same area were pooled 
to increase sample s izes .  The age composition of the fishery samples i s  summar- 
ized in Table 7 .  The 1.3 and 2.2 age classes were the most abundant in the 
samples, when combined they accounted for  between 64% and 95% of the scales in 
the unknown samples. Both the 1.3 and 2 . 2  age classes were analysed in a l l  
samples b u t  the Ugak Bay sample on 18 June which did n o t  have suff ic ient  numbers 
of age 2 .2  salmon f o r  analysis (Table 8) .  

For the 1.3 age class ,  f ish of Cook Inlet  origin were found only in the Uganik 
Bay sample collected in early June (Table 8 ) .  Low incidences ( l e s s  than 20%) 
of Chigni k f ish were found in the Ugani k Bay ( 6  and 7 June) and Uyak Bay (29 
June) samples. High incidences (greater than 40%) of Chigni k stocks were e s t i -  
mated for  the Ugak Bay and Cape Izhut samples. The Afognak stock was present in 
a l l  eight fishery samples, although the estimated proportion was greater than 
30% only in the Ugani k Bay (15 and 18 June) sample. The majority of the two Uyak 
Bay samples were assigned t o  the Karluk stock. In the two Alitak Bay samples, 
the predominate stock was the Fraser. 

The Fraser stock was present in a l l  seven samples for  the 2 .2  age class.  The 
estimated contribution of the Fraser stock to the two Alitak Bay samples was 
greater than 75% and i t  was the predominant stock in the Uganik Bay (15 and 18 
June) and Uyak Bay (29 June) samples, also.  Except for  the mid-June A1 i tak Bay 
sample, the Karluk stock was present in a l l  age 2 .2  samples. The estimated per- 
centage of the Karluk stock in these samples was moderate (5%-30%) with the 
exception on  the Cape Izhut sample, where 72.0% of the sample was allocated to  
the Karluk. Upper Station stock was found in moderate levels ( l e s s  than 25%) in 
the Uganik Bay (15 and 18 June), both Alitak Bay, and the Uyak Bay (29 June) 
samples. Red River stock was present in moderate levels,  a lso,  except for  a 51% 
contribution to  the Ugani k Bay sample in early June. 

DISCUSSION 

Comparison with Other Scale Pattern Analysis Models 

The accuracies of the l inear  discriminate models used to classify the 1.3 and 
2 .2  age classes were comparable or better than models commonly used in other 
areas of the s t a t e  (see Introduction for  references). Cook In le t  i s  the only 
other area of the s t a t e  where large ( f ive  or more stocks) models are  appl ied t o  
sockeye salmon stock identification problems. The accuracies of the f ive ,  s ix ,  
and seven stock models for  the 1.3 age class were superior to  the accuracies 
usually attained for the five stock Cook Inlet  models by 5% to 15%. Classifica- 
tion accuracies for  the 2.2 age clsss  models were n o t  as high as those for  the 
age 1.3 models. The classif icat ion accuracies were s t i l l  comparable with models 
of similar s ize used in allocation problems elsewhere. The lower mean c l a s s i f i -  
cation accuracies for  the age 2 . 2  models are  unusual when compared to  the resul ts  
of other scale pattern analyses. Typically, for an analysis which includes f ish 
of both 1 and 2 freshwater ages, the mean classif icat ion accuracies of the models 



!hhle 7. Age a m p s i t i o n  by percent of sample for sockeye salmon col lected f ran 
oomrnercial f i sh ing  d i skr icks  i n  the Kodiak Management Area during 1981. 

Location/ m@e Smple  Age Class1 
Stat. Area Date (s ) Size 0.3 1.1 1.2 1.3 2.2 2.3 3.2 Other 

Ugani k ~ a y  6/6, 6/7 
253 6/l5, 6/18 

Ali tak  B a y  6/13, 6/14 
257 6/ 28 

U9k Bay 6/ 18 
259 

UYak Bay 6/ 29 
254 7/7, 7/11 

Cap Izhut 2 
252 

European formula:  Number of f r e s h w a t e r  a n n u l i ,  decimal p o i n t ,  number o f  mar ine  a n n u l i .  The 
t o t a l  age i s  t h e  sum o f  these  two numbers p l u s  one. 



Table 8. Estimated stock composition and 90 .O% confidence interval for ages 1.3 and 2.2 
sockeye salmon mllected f ran1 commercial fishing d i s t r i c t s  i n  the  Kodiak 
Management Area &ring 1981. 

kcation/ e Stock 
san@e mte(s) Age Size ODok In. Chicp ik  Af-k Karluk Red Up Station Fraser 

A l i t a k  Bay 1.3 71 
6 / U ,  6,14 C I. 

A l i t a k  Bay 1.3 93 
6/28 C I. 



!Wile 8. Estimated stock composition and 90 .O% confidence interval for ages 1.3 and 2.2 
sockeye salmon collected f ran commercial f ishing d i s t r i c t s  i n  the Kodiak 
Management Area during 1981 (continued). 

Location/ 
In. 

Stock 
Srm@eIBte (s )  Age Size C h l ~ i k  Afograk Karluk Red Up Stabon Rarpr 



for  the 2 freshwater age f ish have a higher mean classif icat ion accuracy than 
the 1 freshwater age models because of the additional information available to  
separate the stocks in the second year of freshwater growth. 

Comparison with the Tagging Resul t s  

Ideally, there would be a direct  comparison of the scale pattern analysis resul ts  
with the tagging resul ts .  Scale pattern analysis provides a point estimate of 
the proportional contribution of a stock to  an area and time stratum and a con- 
fidence interval for  that estimate. The tagging resu l t s ,  however, are qua1 i t a t ive  
and can be used only as an indication of  which stocks are present in a stratum, 
b u t  cannot be used to estimate the contribution of the stocks. Several s t r i c t  
assumptions must be fu l f i l l ed  before the relat ive abundance of each stock a t  the 
time of tagging can be estimated from i t s  re lat ive contribution to the total  recov- 
ery of tags (Seber 1973). During tagging a1 1 stocks must have been equally vul- 
nerable to capture so that for  a given area and time the number of f i sh  tagged 
from each stock i s  in proportion to  their  re lat ive abundance. Secondly, post- 
tagging mortality and tag loss must be similar for  a l l  stocks. For the Kodiak 
tagging, th i s  i s  probably not true as mortality and tag loss are  time dependent 
processes and the greater the time between release and recovery the greater the 
mortality and tag loss in absolute numbers (Brannian 1983). This causes the more 
dis tant  recovery areas, Cook Inlet  and Chignik, to be under represented in the 
total  recoveries in comparison to  the Kodiak stocks because they have l o s t  more 
f ish through mortality and tag loss.  Another important assumption involves tag 
recovery and reporting. To estimate re la t ive  stock strength from recovery data 
i t  must be assumed that  the tag recovery ra te  i s  equal or known for  a l l  recovery 
areas. For recovery rates  to be equal, similar percentages of each stock must be 
surveyed for  recoveries or a tagged f i sh  must have a similar probability of recap- 
ture in each area. If recovery rates are  unequal b u t  known, adjustments can be 
made to the number of recoveries by area to make them comparable. This would be 
very d i f f i cu l t  for the Kodiak tagging because the majority of the recoveries f o r  
Kodiak stocks were from weir observations while nearly a l l  of the Cook Inlet  and 
Chignik recoveries were made in the commercial f ishery. 

Another problem with a d i rec t  comparison of the scale pattern analysis and tagging 
resul ts  i s  that  the scale pattern stock composition estimates are  age-specific b u t  
the age composition of the recovered tags from an area i s  n o t  known. If the tag 
recoveries from a particular tagging release were primarily of an age class other 
than the 1.3 or 2 .2 ,  a comparison of the resul ts  would not be appropriate. 

Stock Contribution by Strata 

The stock composition indicated by the resul ts  of the scale pattern analysis (SPA) 
and the tagging study of Tyler e t  a1 . (1984) will be discussed by each area of 
sampling. There were only four scale samples coll ected simultaneously with tagging 
and these will be examined in de ta i l .  The other scale samples analyzed,were col- 
lected in the commercial f ishery and have no tagging data for  d i rec t  comparison, 
these will be discussed in general terms. 

Uganik Bay: 

Analysis of scale patterns of the early June samples show that  the Cook Inlet ,  
Chignik, and a l l  Kodiak stocks b u t  the Upper Station were present in moderate 
numbers. The most abundant of these stocks were the Karluk, Red, and Fraser 



(Table 8 ) .  Tagging r e s u l t s  i n d i c a t e  t h a t  t he  Kar luk  and Fraser  s tocks  were 
most abundant i n  the  area w i t h  minor  c o n t r i b u t i o n s  o f  t he  Red, Upper S ta t i on ,  
and Afognak s tocks (Table 9 ) .  There were no t a g  recover ies  f rom Cook I n l e t  o r  
Chi gn i  k. 

The Uganik Bay sca le  samples i n  mid-June have no tagg ing  data f o r  comparison. 
More than 80% o f  t he  1.3 age c l ass  was a l l o c a t e d  t o  t he  Afognak s tock  by sca le  
p a t t e r n  a n a l y s i s .  Because t h e r e  was n o t  a  l a r g e  escapement t o  t h i s  system, and 
more than h a l f  o f  t h e  escapement had passed the  w e i r  by t h e  sample date,  t he  
dominance o f  t h e  Afognak s tock  i n  t h e  Uganik area i s  ve ry  unusual.  Th is  may be 
due t o  t he  presence o f  stocks which were n o t  i nc l uded  i n  t he  c l a s s i f i c a t i o n  model, 
probably  those from East Uqanik R iver  and L i t t l e  R i v e r  ( F i g u r e  11 ) .  The peak 
escapement es t ima te  f o r  the  East Uganik R i ve r  i s  l a r g e  (64,000) and was made on 
an a e r i a l  survey approx imate ly  1  week a f t e r  t h e  Uganik Bay sample was c o l l e c t e d .  
I f  the  sca le  p a t t e r n s  o f  sockeye salmon f rom t h e  East Uganik R i v e r  were s i m i l a r  
t o  t h e  pa t t e rns  o f  Afognak R i v e r  f i s h ,  t h e  d i s c r i m i n a n t  procedure would c l a s s i f y  
them as Afognak f i s h .  Un fo r t una te l y ,  no sca les  were c o l l e c t e d  from t h e  East Uganik 
R i ve r  i n  1981. I n  f u t u r e  analyses, sca les  from the  East Uganik R i v e r  and o t h e r  
unvieired systems should be c o l l e c t e d  so t h a t  t h e i r  c o n t r i b u t i o n s  t o  t h e  ca tch  can 
be est imated.  

A l i t a k  Bay: 

Both s c a l e  p a t t e r n  a n a l y s i s  and t agg ing  i n d i c a t e d  t h a t  the  m a j o r i t y  o f  t h e  two 
A1 i t a k  Bay sampl es were of Fraser  o r i g i n .  The SPA o f  t h e  mid-June sca l  e  samples 
est imated t h a t  more than  80% o f  t h e  samples were from the  Fraser  w i t h  m inor  con- 
tri bu t i ons  of t he  Upper S t a t i o n  and Red s tocks (Table 8 ) .  One pe rcen t  was a l l o -  
cated t o  t h e  Afognak, bu t  t h i s  was p robab ly  because o f  t h e  presence of m i sce l l an -  
eous minor  s tocks i n  t h e  area. Most o f  the  t ag  recove r i es  from t h e  mid-June 
re l ease  were i n  t h e  Fraser  w i t h  a n c i l l a r y  r ecove r i es  i n  t he  Upper S t a t i o n  and 
Chigni  k  (Table 9 ) .  

The Fraser  s tock dominated t he  l a t e  June sample, a lso ,  a l though n o t  t o  t h e  degree 
o f  the  e a r l i e r  sample. The SPA assigned most o f  t he  sample t o  t he  Fraser  and 
approx imate ly  20% t o  t h e  Upper S t a t i o n  f o r  bo th  age c lasses.  M inor  c o n t r i b u t i o n s  
were es t imated  f o r  the  Kar luk,  Red, and Afognak s tocks.  The tagg ing  r e s u l t s  i n d i -  
cated t h a t  t he  Fraser,  Red, and Ch ign ik  s tocks  were present .  The tagg ing  r e s u l t s  
a re  i nconc lus i ve ,  however, because approx imate ly  70% o f  t h e  recovered tags were 
taken i n  t he  A l i t a k  Bay-Olga Bay commercial f i s h e r y .  The minor  c o n t r i b u t i o n  of 
t he  Afognak s tock  t o  the  1.3 age c l ass  (9.9%) est imated by SPA was p robab ly  a  
r e s u l t  of s tocks i n  t h e  area which were n o t  accounted f o r  by t h e  c l a s s i f i c a t i o n  
models . 
Uyak Bay: 

There were no tagg ing  da ta  i n  Uyak Bay which t o  compare t he  SPA r e s u l t s .  Uyak Bay 
i s  near  t he  Kar luk  R i v e r  and one would expect  t o  f i n d  s i g n i f i c a n t  numbers o f  t h e  
Kar luk s tock present .  Both Uyak Bay samples were c o l l e c t e d  between t h e  two per-  
i ods  o f  peak d a i l y  sockeye salmon escapements t o  the Kar luk  (F igu re  4 )  which cou ld  
a t t enua te  t h e  c o n t r i b u t i o n  o f  t h e  Kar luk  s tock.  A l l  Kodiak s tocks and t h e  Ch ign ik  
s tock  were est imated t o  be p resen t  i n  t h e  l a t e  June sample. The Kar luk  and Fraser  
s tocks were the  most abundant and t h e  c o n t r i b u t i o n s  o f  t h e  o the r  s tocks  l e s s  than  
20%. Sample s i z e s  f o r  both age c lasses  were smal l ,  which decreases the  degree of 
conf idence i n  these est imates.  



Table 9. Recovery loca t ions  of  t ags  re leased  on sockeye salmon in  t he  Kodiak Management Area i n  1981'. 

- t i 4  Tag, mgs S to& 
Saiple Date (s ) Released Reawered Cook In. C h i g l i k  Afo~lak Karluk Red Up. Station Praeer Other 

m k  Bay 315 136 0 0 3 61 5 4 24 3 9 
6/6, 6/7 

A l i t a k  Bay 366 244 
6/U 

A l i t a k  Bay 3 45 16 4 
6/28 

' Source: Tyler  e t  a l .  1984. 



Perenosa Creek, 

Buskin River, 

Figure 11. Weired sockeye salmon systms on mdiak and Mognak Islands 
with peak aeridl survey estimates of escapements and date of 
peak survey in 1981. 



A l l  f i v e  Kodiak s tocks were est imated t o  be p resen t  i n  t h e  e a r l y  J u l y  sample 
from Uyak Bay. The most abundant s tocks were the  Kar luk  ar,d Red, and c o n t r i -  
bu t i ons  o f  the  o t h e r  s tocks were minor .  The o n l y  minor  system i n  t h e  immediate 
v i c i n i t y  of t h e  sample area which migh t  have i n f l uenced  t he  r e s u l t s  was t h e  
L i t t l e  R i ve r  (F i gu re  11) .  

Ugak Bay: 

No tagg ing  was conducted i n  t h e  Ugak Bay area. The s c a l e  p a t t e r n  a n a l y s i s  i n d i -  
cates a h i g h  p r o p o r t i o n  of  t h e  Chign ik  s tock  i n  t h e  area w i t h  m inor  c o n t r i b u t i o n s  
of t he  Afognak, Red, and Upper S t a t i o n  s tocks.  The c l a s s i f i c a t i o n  r e s u l t s  f o r  
t h i s  sample a re  ques t ionab le  because a l l  eas t s i de  stocks a r e  minor  and were n o t  
represented i n  t he  models. One unweired system which i s  a  t r i b u t a r y  t o  Ugak Bay, 
S a l t e r y  Creek (F igu re  11), had a peak a e r i a l  survey escapement es t ima te  of 43,000. 
Th is  system was p robab ly  p resen t  i n  l a r g e  numbers i n  t h e  Ugak Bay sample, b u t  
because i t  was n o t  i nc l uded  i n  t he  c l a s s i f i c a t i o n  models a l l  f i s h  f rom i t  would 
be mis-assigned t o  o t h e r  s tocks.  

Cape I z h u t :  

Chigni  k  and a1 1 f i v e  Kodiak s tocks  were est imated t o  be p resen t  i n  t h e  Cape I z h u t  
sample by  a n a l y s i s  of sca le  pa t t e rns .  For t h e  1.3 age c lass ,  t he  Ch ign ik  s tock  
was found t o  be most abundant f o l l owed  by t h e  Afognak, Red, and Upper S t a t i o n  
(Table 8). The m a j o r i t y  (72%) o f  t he  2.2 age c l ass  was a l l o c a t e d  t o  t h e  Kar luk,  
w i t h  minor  c o n t r i b u t i o n s  by t h e  Red and Fraser  s tocks.  The tagg ing  da ta  i n d i c a t e  
t h a t  the  Cook I n l e t ,  Chign i  k, Afognak, Kar luk,  Red, and Fraser  s tocks  were a l l  
p resen t  i n  t he  area (Table 9 ) .  The Cook I n l e t ,  Chign ik ,  and Afognak s tocks were 
t h e  most abundant o f  these. 

Summary : 

I t  i s  d i f f i c u l t  t o  draw conc lus ions from t h e  comparison o f  t h e  sca le  p a t t e r n  
a n a l y s i s  and t h e  tagg ing  r e s u l t s .  For  t h e  two A1 i t a k  Bay samples, t he  SPA r e s u l t s  
and t h e  tagg ing  r e s u l t s  correspond reasonably  w e l l .  The SPA r e s u l t s  f o r  t h e  
o t h e r  areas a r e  ques t ionab le  when compared t o  t h e  tagg ing  da ta  and general  know- 
ledge about s tock  d i s t r i b u t i o n .  Th is  i s  p robab ly  due t o  t h e  presence o f  s tocks  
from unweired systems i n  t he  sampling areas. There was minimal tag  recovery  
e f f o r t  on these systems so t h e i r  c o n t r i b u t i o n  t o  the tagg ing  samples i s  unknown. 
Al though these systems a r e  cons idered minor,  some o f  t h e  systems suppor t  l a r g e  
runs  o f  sockeye salmon and cou ld  c o n t r i b u t e  s u b s t a n t i a l  numbers t o  c e r t a i n  area 
and t ime s t r a t a .  The sampl ing areas most suscep t i b l e  t o  t h e  i n f l u e n c e  o f  t h e  
stocks from unweired systems a re  Uganik Bay, Ugak Bay, and Cape I z h u t .  A ma jo r  
assumption o f  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  i s  t h a t  a1 1 groups which may be 
p resen t  i n  t h e  samples o f  unknown composi t ion a r e  represented i n  t h e  c l a s s i f i c a t i o n  
models. If groups ( s tocks )  n o t  represented i n  t h e  c l a s s i f i c a t i o n  models a r e  pre-  
sen t  i n  t he  samples be ing c l a s s i f i e d ,  t he  i n d i v i d u a l s  f rom those groups a r e  
c l a s s i f i e d  as one of t he  o the r  groups i n  the  model. I f  the  i n d i v i d u a l s  from 
the  unrepresented groups a r e  ra re ,  t h e  c l a s s i f i c a t i o n  r e s u l t s  a r e  n o t  seve re l y  
ef fected. If t h e r e  a r e  l a r g e  numbers o f  t h e  unrepresented groups present ,  t h e  
c l a s s i f i c a t i o n  es t imates  w i l l  be meaningless. 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  most o f  t he  ques t ionab le  r e s u l t s  o f  t he  sca le  
p a t t e r n  analyses a r e  t h e  presence o f  t h e  Afognak s tock  i n  areas i t  i s  n o t  



expected. The Afognak stock had a much smaller freshwater scale growth zone 
than the other Kodiak stocks (Table 3, Figures 5-6) and was very d i s t inc t  from 
the other Kodiak stocks in the classif icat ion models. If freshwater scale 
growth in the unweired systems i s  similar to the Afognak system, i . e . ,  l ess  
than that  of the other Kodiak Island systems, f ish from these systems would 
be allocated t o  the Afognak stock. 

CONCLUSION 

The resul ts  of the 1981 scale pattern analysis study for  sockeye salmon in the 
Kodi ak Management Area are  encouraging. The high mean classif icat ion accuracies 
of the l inear  discriminant models for  thg 1.3 and 2 .2  age classes indicate tha t ,  
a t  l eas t  in 1981, the major sockeye salmon stocks in the Kodiak area had dis- 
t inct ive scale patterns which could be used as a basis for identifying the stocks. 
Differences in scale patterns are presumed persistent and the classif icat ion 
accuracy in other years should be similar,  b u t  additional analyses are needed. 
There appear to  be some major discrepancies between the stock composition e s t i -  
mated by analysis of scale patterns and the tagging resul ts  of Tyler e t  a l .  (1984) 
for  some samples from the fishery area. Possible explanations for  these discrep- 
ancies were discussed in the previous section, the primary one being the presence 
of stocks in the sampling area not represented in the discriminant models. The 
results of the scale pattern analysis cannot be evaluated solely by comparison to  
the tagging data, however. A major problem with the tagging study was the fa i lure  
to adequately survey unwei red systems for tag recoveries, therefore, the contri - 
bution of these stocks to different  time and area s t r a t a  could not be estimated. 

One of the greatest  benefits from the 1981 scale pattern study i s  that  i t  indi- 
cates the potential problems with an intensive scale pattern analysis of sockeye 
salmon in the Kodiak Management Area. Future scale pattern studies in the area 
should be designed to resolve three issues l i s t ed  below: 

1 ) Scale samples from the unwei red systems were not col1 ected. A1 though 
many of these systems are  considered minor, the aerial  survey escape- 
ment estimates suggest they may contribute substantial numbers to some 
area and time s t r a t a .  Scale samples from the more important unweired 
systems need to  be collected so tha t  their  scale patterns can be com- 
pared to those of the major systems. The systems which should be 
sampled will depend on run strength in the year of sampling, b u t  the 
historical data indicate that  East Ugani k River and Sal tery Creek should 
be sampled annually. 

2 )  Scale collection a t  the weired systems was n o t  adequate and needs t o  be 
increased on a l l  systems b u t  the Fraser. Effort should be directed a t  
taking large, time-specific samples throughout the duration of the run. 
Sample sizes of approximately 625 scales1 collected during 1 or 2 day 

A sample of 625 f ish would allow the age composition for a time and area s t ra ta  
t o  be estimated within + 5.0% for  each age class and for  the sample to have the 
true age composition 90.0% of the time. This sampling level assumes f ive  major 
age groups and accounts for  the presence of regenerated scales. Source: Memo 
by Dr. D . R .  Bernard to  J.H. Clark and S.L. Marshall dated 27 January 1983. 



periods distributed throughout the runs are needed t o  examine the 
runs for temporal changes in age composition. I t  i s  important that  
samples be collected during each period of increased daily escape- 
ments for  those systems having more than a single mode in the i r  daily 
escapement pattern. If both the early and l a t e  arriving segments of 
the runs are sampled, the scale patterns of each segment can be com- 
pared to see i f  there are  significant differences between the segments. 
This may indicate that  time-specific c lassif icat ion models are  required, 
one for  early season and one for l a t e  season. 

3 )  Sample sizes from the fishery area were small. Much larger scale 
samples need t o  be collected from the commercial f ishery area. The 
sample sizes suggested for  the escapement samples would be appropriate 
for  these samples, a1 so. These sample sizes would resul t  in more pre- 
c ise  estimates of the age composition of the commercial catch and 
ensure that  a t  l eas t  100 scales were available for  an age class for  
scale pattern analysis. 
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APPENDICES 



Appndix Tahle 1. S a l e  characters screered for l imar discriminant f mction 
analy ses. 

1st J3l Annular zone 
Nunber circuli in 1st EW a. z. (NC1FW) 
Width of 1st EW a.z. ( S W  
Distance, scale focus (CO) to c i r c u l ~  2 (C2) 
Distance, CO-C4 
Distance, C&C6 
Distance, CO-C8 
Distance, (2-a 
Distance, C2-C6 
Distance, (2-C8 
Distance, C M 6  
Distance, CQ-C8 
Distance, C (NC1FG3-4) -End of 1st EW a. z. (ElEW) 
Distance, C (NClEW-2) -Elm 
Distance, C2-EUW 
Distance, CQ-E1FW 
Relative widths, (variables 3-13)/SlEW 
Averag? interval beween circuli, S l . F W / m  
Nunber circuli i n  1st 3/4 of zone 
EiBximm distance between 2 cons2cutive circuli 
Relative width, variahle 29/SUW 

2nd EW Annular Zone 
Mmber circuli in 2nd EW a. z. (NC2EW) 
Width of 2nd EW a. z. (S2FW) 
Distance, Elm to circulus 2 (C2) 
Distance, E W C 4  
Distance, F,lEW-C6 
Distance, E W C 8  
Distance, C2-C4 
Distance, ( 2 x 6  
Distance, C2-C8 
Distance, O W 6  
Distance, CQ-C8 
Distance, C ( N C 2 W 4 )  -Em 
Distance, C (NC2EW-2) - S E W  
Distance, C2-E2FW 
D i  &an= , C4-SEW 
Relative widths, (variables 33-43)/~2EW 
Averagle interval between circuli, SZEW/NC2EW 



Appndix m h l e  1. Scale haracters screemd f o r  lirear discriminant function 
aralyses (contin~led) . 

1st EW l+ixubr Zm 
Nunber of c i r cu l i  in 1st 3/4 of zone 
Mximun distanoe &tween 2 aonsecutive c i rcul i  
W a t i v e  width, variahle 63/S2EW 

EW Plus GLQJth 
Nunber c i rcu l i  of EW plus growth 
Width a£ EW plus grcwth zone 

A l l  FW Z e s  
Tbtal nlanber EW annular c i r cu l i  (NC1EW+NC2EW) 
Total  width FW annular zom (SlFWtS2FW) 
Tbtal m b e r  EW c i rcul i  (NC1EW+NC2EW+NCFG) 
Total  width EW zom (SlFWtS2EWSPGZ) 
W a t i v e  width, SUW/(SLFW+S2EW+SFGZ) 
Relative width, SPGZ/(SlFWtSZWtSPGZ) 
N a t i v e  width, S E W /  (SLFW+S2EW+SEGZ) 

1st Oean Annular Z o m  
Nunber c i rcu l i  in 1st marim a.z. (NClOZ)  
Width of 1st marine a.z. (SlOZ) 
Distance, Ehd of EW growth (EEW) t o  circulus 3 (C3) 
Distance, EEW to C6 
Distance, EFW t o  C9 
Distance, EEW to C12 
Distance, EEW t o  C15 
Distance, C3-C6 
Distance, C3-6 
Distance, C3-Cl2 
Distance, C3-Cl.5 
Distance, C6-C9 
Distance, C6-U-2 
Distance, C6-Cl5 
Distance, 6-C15 
Di stance, C (NClOZ-6) -ElOZ 
Distance, C (NClOZ-3) -aOZ 
Distance, C3-Elm 
astan-, B-E~OZ 
Di stance, C15-E1OZ 
Relatwe w idths, (variables 73-86) / s ~ O Z  



Appndix Table 1. Scale aaracters screered f o r  limar discrimimnt function 
analyses (continued). 

1st Ooean Annular Z a n e  
Ebrerage interval between circul i ,  s~OZ/NC~O~L 
Nunber of c i rcu l i  i n  1st h d f  of zone 
Maximun distance between 2 c o m c u t i v e  c i rcu l i  
Relative width, variable 107/SlOrL 

Zone$ 
Width 2nd ocean zol-e, if Fesen t  (S20Z) 
Width 3rd ocean zone, if ~gese rh  (S30Z) 
!Lbtal width ocean zoms, (SLOrL+S202+S02) 
Relative width, s ~ O Z /  (SlOZ+SZOZ+SOZ) 
N a t i v e  width, SZm/ (Sl0Z+SZOrL+S30Z) 



Appndix Table 2. Age ampsi t ion of sockeye salmon scale samples, poled by 15 day 
period, fran the Afognak. 

Age Qass 
1.1 1.2 2.2 3.2 1.3 2.3 1.4 Other mtal 

6/1 -6/l5 Nunbers 
Fer cent 

6/16 - 6/30 Nunber s 
Per oent 

7/ 1 - 7/15 Nunber s 
Fer oent 

7/16 - 7/30 Nunbers 
krcent 

7/31 - 8/14 Nunber s 
B r  oent 

8/l5 - 8/29 Nunber s 
Fer cent 

Total s Nunbers 73 96 0 0 362 1 2 1 535 
Eercent 13.6 17.9 0.0 0.0 67.7 .2 .4 -2 



Appndix Tahle 3. Age composition of sockeye salmon scdLe samples, p o l e d  by 15 day 
period, £ran the Karluk. 

Age Qass 
1.1 1.2 2.2 3.2 1.3 2.3 1.4 Other Total 

6/ 1 - 6/l5 Nunbers 
k r  cent 

6/16 - 6/30 Nunbers 
R?r cent 

7/ 1 - 7/15 Nunber s 
k r c e n t  

7/16 - 7/30 Nunbers 
R r  cent 

TOMS Nunber s 1 42 222 10 68 7 6 0 4 423 
Per cent .2 9.9 52.5 2.4 16.1 18.0 0.0 .9 



Appendix Tahle 4. Age m m p s i t i o n  of sockeye salmon scale samples, poled by 15 day 
p r i o d ,  £ran t he  Red River. 

Age Class 
1.1 1.2 2.2 3.2 1.3 2.3 1.4 Other Tbtal 

6/ 1 - 6/15 Nunber s 
B r e n t  

6/16 - 6/30 Nunber s 
Per a n t  

7/ 1 - 7/15 Nunbers 
B r  cent 

7/16 - 7/30 Nunber s 
Fer cent 

7/31 - 8/14 Nunbers 
B r  cent 

Totals  Nunber s 1 1 3  235 0 208 110 0 4 571 
Percent .2 2.3 41.1 0.0 36.4 19.3 0.0 .7 



Appendix Tahle 5. Age amposition of sockeye salmon scale samples, p o l e d  by 15 day 
p r i o d ,  from the U-r Station. 

- - - - - 

Age Class 
1.1 1.2 2.2 3.2 1.3 2.3 1.4 Other Totdl 

6/ 1 - 6/L5 Nunber s 
&r cent 

6/16 - 6/30 Nunber s 
Per oent 

7/ 1 - 7/15 Nunber s 
k r c e n t  

7/16 - 7/30 Nunber s 
Per aent 

7/31 - 8/14 Nunber s 
Eer oent 

8/15 - 9/ 1 Nunber s 
&r cent 



Appendix Tahle 6. Age cornpsit ion of sockeye salmon scale samples, p o l e d  by 15 day 
period, f ran the  Fraser. 

Age Class 
1.1 1.2 2.2 3.2 1.3 2.3 1.4 Other Total 

6/ 1 - 6/15 Nunber s 
R r c e n t  

6/16 - 6/30 Nunber s 
R r c e n t  

I 
P 
w 7/ 1 - 7/15 Nunber s 

Rer cent 

7/16 - 7/30 Nunber s 
Per cent 

Totals Nunber s 11 83 1213 18 218 333 0 25 1901 
Per cent .6 4.4 63.8 .9 11.5 17.5 0.0 1.3 
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based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
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If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
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